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1.0 ABSTRACT MATTHEW J. KERPER
Chief, Technical Information Division

Speckle interferometry has been carried out during the last year with a
charge-coupled device (CCD) imaging system. The emphasis of this project has
been to minimize all systematic differences that arise between the images of
stars in a binary star system and a reference calibration star in order to
resolve a previously unresolved binary star system. Systematic errors have
been minimized to the level of parts in 10,000 in the power spectrum of a
stellar image. This was accomplished by using a 64x64 pixel area near the
readout amplifier to minimize charge smearing, by stabilizing our CCD system
to the level of a few parts in 100,000, and by using a prism system to
compensate for atmospheric dispersion. :

For a second proiect, a procedure has benn developed to separate
overlapping imaqges of galaxies in crowded fields and to make visihle
underlying structurs. By modelling and subtracting avay successively fainter
and fainter objects and repeating this to achieve self- cows1stency, cach
object and the underiying structure can be made visible. It is expected that
this technique is applicable to other problems.

For a third proiect, preliminary experiments have becn carried out to
test 3 technique to coanzensate for variations in absorption or emission at
radio freaquencies in the Earth's etmosphere. For this technique, two
frequencxes are uscd for simultaneous observations; one is used to correct the
other statistically

2.0 PRIMORDIAL HELIUM, THE RESOLUTION OF THE BINARY STAR SYSTEM u-CASSIOPEIAE

The primordial helium abundance, the mass fraction of helium produced in
the big bang, is of interest for several reasons. It can be usa2d to set an
upper limit on the cosmological mass density of baryons and to set an upper
Timit on the number of neutrino types. In addition, it is a fundamental
variable in a variety of probleins ranging from a detailed understanding of the
early universe to the solar neutrino problem.

The thesis topic of James Haywood is to determine the helium abundance of
the old binary star system m-Cassiopeiae. Because v-Cassiopeiae is an old
stellar system whose chemical composition is characteristic of the early
galaxy, its helium abundance should be characteristic of the primordial
abundance. Enough information is available ahout the orbit of the binary
system so that the masses of the stars and the helium abundance can be
determined with one accurate measurcment of the separation between the
components. The obscrvational prohlem is a difficult application of the

technique of speckle interferometry; the ratio of intensity of the two stars -

differ by more than a factor of 100 in the visible part of the spectrum and
the stars are close together. The expected scparation between th2 components
lies in the range of between about 0.5 to 1 arc second.

The resolution of the components of n-Cassiopeiae is difficult not only

because of the limited signal-to-noise ratio in the speckle exposures, but  —

also because of the presence of small systematic differences between the
images of u-Cassiopeiae and the images of a nearby single calibratlon star.
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The technique is to use the imaqe of the single calibration star as a template
to fit each of the comnonents of the binary since all images are oxpected to
have the same 3shape. But the problem is that any distortion in the image of
the calibration star relative to the bright component of u-Cassiopeiae tends
to obscure the image of the faint companion star in the fitting process.

Thus, at this time, our success with this project seems to be completely
dependent upon understanding and removing all systematic differences between
the images of the binary components and the reference calibration star.

There are two distinct classes of possible systematic errors, those due
to the imaging system and those due to the atmosphere. At the present time we
have demonstrated that the systematic differances among the images that we
have observed are not due to the charge-coupled device (CCD) imaging system.
There could be a variety of effects arising because of the microscopic
structure of the CCD. Ue shall mention two of the possibilities. The
direction of the saw cut to slice the silicon wafer fron which the CCD is
constructed can be dceeormined by looking very closely at stellar jmages. This
does not cause us any problems because our CLD {s very stable, at the Tevel of
a few parts in 100,000, and, therofore, is reproduceable. The second effect
is due to the incomplete transfer of charco in the horizontal and vortical
direction in the CCD. This second problem is potentially very troublesome
because it introduces a non-lincarity into tne system, The amount of charge
lost due to incemplete charae transfer is ahout the samo, relatively
independent of the anount of sianal charge prasent in a pixel: it takes a
certain amount of charge to fill a trap indepandent of the signal amplitude.
“Qur solution to this problem is to use a Hixed 2ar2a closest to the readout
amplifier locatad on tha CCD. Then, the numher of charce ftransfers is
minimized to the extent that the smearing is not observable.

The systematic difference between each component of the binary and the
calibration star appcars to be cntirely duc to differential refraction in the
Earth's atmospliere. To corraect for differential refraction, we have built a
prismatic corrector which is insarted into the CCD optical train. Also, a
program was written to determine prism angles as a function of the hour anqle
and declination of the star observed. Using this corrector, it was possible
to resolve a binary star system with a zenith distance larger than 50 degrees
having a separation of 0.75 arc seoconds and a ratio of intensity between the
components of 10 using only 32-20 millisecond exposures.

The prismatic corrector was only used during the last of our three
observing runs during this reporting period. For this run we saw a large
reduction in the size of the systematic differences between images. Though
the prisms were adjusted every 10 .iinutes, which appears to be often enough
based on our calculations, some small residual differences were still observed
between images. However, when imaaes were matched so that both binary and
calibration star were observed under similar atmospheric conditions, they had
similar distortions. It was found that the power snectra of these stellar
images looked very similar even at the point at which the power had dropped
(in the high frequency wings of the curve) to 5/10,000 of the peak value. The
important conclusion of this part of the work is it appears that if we
adjusted the prisms more frequently than cvery ten minutes, we would reduce
the systematic differences between images to a negligible level.
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Regarding our progress on u-Cassiopeiae, we havae made significant
progress understanding how to treat CCD readout noise which has improved the
quality of the-data reduction procedure. MNow we are finding a binary
companion in the image of H-Cassiopeiae at the expected position at a
reasonable separation. However, at this time it would be premature to say any
more about these preliminary solutions other than that the faint companion
star to p-Cassiopeiae has an intensity of less than one percent of the primary
in the infrared.

3.0 THE METRIC AMGULAR DIAMETER COSMOLOGICAL TEST

Work has been progressing on the metric anqular diameter versus redshift
cosmological test. This is a test to determine whether the universe will
expand forever or will one day collapse. The discriminant hetween these
possibilities is the curvature of space. To wmeasure curvature, the angular
diameter of a class of galaxies having the sane intrinsic size is observed as
a function of redshift or distance. The variation of angular diameter as a
function of rodshift contains the curvature information.

In order to carry out the angular diamater tast, we have proposed to
carry out our observations at the same proper waveiength independent of
redshift. Thus, we shall not have to make the standard "K" correction because
our ohservations are made at the sam2 proper wavelenath as seen in the rost

frame of the ohserved calaxy rather than at tho same laboratory wavelength as

-has been the case in o past. In this regard, during the past year we have

compieted the photometric calibration of our CCh system. Our system uses a
set of 1000 Angstrom bandwidth filters one of which is chosen to match the
redshift of the galaxy of interest. Six continuous nights of photometric
observing conditions at ¢ Graw-Hill Observatory in June of last year gave us
sufficient data to show that we can do photouetry to 0.0075 magnitudes ras
(0.75 %). Indeced, it is likely that we are limited not by the precision of
our CCD measurements, but by the errors in the published standard star
magnitudes and spectrophotametric data. In this regard, we confirmed a
systematic error in the published spectrophotometry of Vega, finding that the
published R and I magnitudes of that star are too faint by 0.08 magnitudes.

One of the issues that we have been conccrned with for the angular
diameter test is the constancy of the functional form of the surface )
brightness distribution of the Tight of a galaxy. Since our definition of the
metric angular diametar is dependant on the surface brightness distribution of
the galaxy light, it is essential that the galaxy light distribution does not
change in a systematic way with distance. Though we have arqued on physical
grounds that we do not expect this to be the case, it is clear that good
observational data must be used to justify this important assumption. We now
have that data. A proliminary look at the color gradients calculated from
exposures at 6000 and 80300 Angstroms in three clusters of galaxies at three
different redshifts out to 0.175, showed that all appeared similar and had
gradients which made their centers redder by only 0.1 ¢to 0.2 magnitudes.
This result has given us confidence that systematic effects depending on the
stellar populations in clusters at different redshifts will not be a
problem for the redshift-diameter cosmological test. The investigation of
color gradients in clusters of different richnesses can also yield information

1)




on the details of galaxy accretion and we are currently analyzing several
clusters with this purpose in mind. We also have exposures at two wavelengths
for galaxy M37. Not only will we obtain a color gradient of the galaxy, but
by using our modeling and subtraction technique, we will obtain colors of the
globular clusters very close to the center. The partially reduced data show
about 200 globular clusters within 2.5 arc minutes of the center, many of
which have never been studied.

In fact, what we have developed is a technique of more general
applicability which is usefull in any crowded field of objects. The basic
principle is applicable to any linear detector--the principle is that of
superposition. 1t is applied by first modeling and subtracting the brightest
object in the field and then the second brightest object, atc. Then the
process is repeated until a self-censistent solution is ohtained. With some
of the clutter removed the first object can be modeled more precisely, and
removed more accurately and the process may be repeated on successively
fainter objects. 1In this way, very faint objects originally cbscured by much
brighter objects can be made visible. During the past year two of our
programs were selected for recognition by the University's QUEST program.

4.0 MASSIYE HALOS OF SPIRAL GALAXIES

In March, D. Hegyi presented an invited paper on the subject, "Are
Hassive Halos Barvonic?" at the joint session of the Moriond Astrophysics
‘Meeting and the tloriond Particle Physics. (This weeting was supported, in
part, by HATO.) The pav~r describas the argun~nts which show why it is
unlikely that halos of spiral galaxies are coiposed of baryonic matter. New
arguments werc presented against halos being composcd of planets or asteroids.
D. Hegyi was also invited to present similar talks in June at the mecting in
Rome on "Dark Matter" and, in Noveunber, at Fermilab in Batavia, I1linois.

Relevant to this subiect, we have completed a study of the halo of galaxy
NGC4565 with the nurpose of setting a more strinagent upper 1imit on the amount
of visible light present. Ten hours of CCD integration on this object and a
Teast squares fit to the exnected 1/r law for a halo give an upper limit which
is about 4 times smaller than that previously reported. The Tower limit to
the mass-to-luminoisty ratio is thus 4 times higher and argues more strongly
against the halo being made up of baryonic matter.

5.0 THE CHARGE-COUPLED DEVICE IMAGING SYSTEM

Our major hardware improvement during the past year is a stainless steel
fill tube assemhly for the CCD dewar. During past observing runs we have
experienced vacuum leaks from the soft solder and silver solder joints of this
assembly. The extreme temperature changes which the solder joints have to
undergo each time the dewar is filled inevitably produce vacuum leaks. OQur
solution is to use welded stainless steel joints in an arrangement which
allows operation in the normal oriantation (at the cassegrain focus) or in an
inverted position (at the prime focus). This new assembly has functioned
without fault for the past three observing runs.

v
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- through the atmosphera of the 1 and 3 cm beans will be more exactly

Our CCD electronics was improved by an increase in the stability of the
first amplifier through a redesiqn of the buffer which controls the voltage
offset. This change and a reworking of the CCD heater control circuit has
given us a stability of the bias level over a night's observations of about
ten electrons rms.

For our NOVA computer which controls the operation of the CCD, we have
written additional programs in FORTH and assembler to aid in the aquisition of
spectroscopic data. These programs allow real time focusing of the telescope
and spectrograph on a selected comparision spectrum line.

In June, D. Gudechus presented an abstract on the "Construction of a CCD
System" at the 162nd American Astronomical Society Meeting.. Copies of this
and the paper on halos follow the grant summary.

6.0 THE SMALL SCALE A''ISOTROPY OF THE COSHMIC MICROWAVE BACKGROUND

Finally, with M. Kutner of Renselaer Polytechnic Institute, we have made
observations at the 140 foot telescope in West Virginia on the small scale
anisotropy of the 3 degree cosmic background radiation. Observations were
carried out with a new technique to correct for rapid variations in
atmospheric transparency. ‘e observed at two freauencies simultancously, 1 cm
and 3 cm, using the 1 cm data to corroct for fluctions at 3 cm. NRAD is
currently instailing & bzoamsplitter on the 140 foot telescope so that the path

overlapping. YHith the naw beamsplitter hoth beams will have the same paths
through the atmosphere and will have the same fluctuations.
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ARE MASSIVE HALOS BARYONIC? :

Dennis J. Hegyi

Department of Physics
University of Michigan
Ann Arbor, Michigan

FBSTRACT

The problems with massive halos being composed of bharyonic
matter are discussed. Svecifically, a halo composed of either
gas, snowballs, dust and rocks, low mass stars, Jupiters, dead
stars or neutron stars is-shown to be unlikely. Halos could be
composed of black holes less than 100 M, if they, unlike the
stars in this mass range, are extremely efficiently accretiny or
primordial. At present, however, particles from supersymnetric
theories appear to offer the most interesting possibilities as
the constituents of halos.

‘e

I. INTRODUCTION

Spiral galaxias are surrounded by halos, large amounts of
sub-luminous or non-luminous matter. These halos are
approximately spherical in shape and may extend out to
distances as far as ten times the optical radius of 2 spiral
galaxy.

The supporting evidence for halos is quite compelling.
Using dynamical arguments based on the rotation curves of spiral
galaxies, it is possible to accurately .determine the halo mass as
a function of galactic radius. Also, a number of independent
arguments requir2 that halos be approximately spherical. Based
on the information available about halos, it is not difficult to
show that halos contain about 10-100 times the mass in the disks
of spiral galaxies, and consequently, contain a significant
fraction of the cosmological mass density.
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In contrast to the definite statcements that can be made
regarding the existence of halos, very little can be said about
the exact nature of the halo mass. At present, it appears that
the most direct way to determine the composition of the halo mass
is to show what halos cannot contain.

In the present investigation we argue that halos are not
composed of baryons. Our approach will be to “snow the problems
associated with the followingy types of baryonic matter: gas,
snowballs, dust and rocks, Jupiter-like objects, low mass stars,
doad stars and ncutron stars. It appears very difficult to avoid
the problems that we shall present if halos are baryonic. We
shall discuss a model in which it is claimed, a primordial halo
composed of gas can be converted into Jupiters, and show that it
is not self-consistent.

Though not baryonic, black holes are a possible constituent
of halos. If halos are.composced of blacik holes thev must be
extremely efficiently accreting or primordial. Aside from the
possibility of efficiently accreting black holes, w2 exvect the
cosmclerical barysnic abundance to be low at the time of
nucleosynthosis, We shall briefly discuss the current situation
regarding the observed auclear abundances in terus of
cosmolojical production in a low baryon density universe.

One of the earliest discussions of massive halos surrounding
spiral galaxies was given by Hohl (1,2). He found his models of
spiral disks to be unstable with respect to the grosth of long
wavelongth modes, and as a result, the disks tended to develop
into bar-shaped structures within about two revolutions. Honl
was able to stabilize his models by adding a fixed central force
which he identified with a halo population of stars and the
central core of the galaxy. Kalnajs (3), consideriny only exact
solutions for infinitely thin spiral disks, expiored ways of
stabilizing the initially cool rotational state. Perhaps his
most interesting result was that by embedding the spiral disk in
a uniform density halo, stability could be obtained.

The possibility that spiral galaxies might be surrounded by
massive halos was emphasized by Ostriker and Peebles (4). Using
a 300-star galactic model they studicd the instability of spiral
structure to the development of bar-like modes. The onset of
instability was reached when t, the ratio of the kinatic eneryy
of rotation to the total gravitational energy, increased to a

S value ~0.14, From a literature survey, the authors concluded

that for systems ranging_from fluid Maclaurin spheroids to flat
galactic systems with 102 stars, the critical value for the onset
of instability appears to be t = 0.14. Two different ways were
suggested to stabilize the spiral structure, a hot disk
population with radial orbits and a hot spherical halo. From a
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variety of arquments, it is now known that the halo mass
distribution is spherical. .

The strongest observational evidence supporting the
existence of massive halos is dynamical. The rotation curve of a
galaxy must satisfy the criterion that in equilibrium the
inwardly directed qravitational force must balance the outwardly
directed centrifugal force. Rotation curves of galaxies have
been obtained by both optical and radio techniques (5-11). Data
obtained on more than 50 spiral galaxies reveal symmetric
rotation curves which support the equilibrium condition

Mp =-§ vep . (1)

where M. is the mass within radius r, K is a constant ranging
from 2/7 for a thin disk to unity for a spherically symmetric
mass distribution, G is the gravitational constant, and v is the
circular rotational velocity at galactic radius r. The
observations show that v is a constant indepeadent of r, and, as
may be seen from eq. (1), M. « r.

Beyond cbout 50 Kpe it is difficult, typically, to observe
rotation curves, and binary galaxies (12,13) have been used to
sample the halo mass distribution at large radii. Unfortunately
there are a variety of selection effects which binary galaxies
are subject to and it has not yet been possible to untanale these
?fficts sufficiently to unambiguously interpret the results
14- ’ :

As already mentioned, several arguments have been used to
show that the mass distribution of halos is spherically
symmetric. The persistence of warps in spiral disks (15,16),
star counts (17), and the scale height of stars perpendicular to
spiral disks (18,19), all indicate relatively spherical halos,
j.e. with aspect ratios close to unity.

1I1. EVIDENCE AGAINST NONBARYONIC HALOS

Much of the discussion about nonbaryonic halos has been
presented elsewhere by Hegyi and Olive (20). Here we shall
summarize parts of that discussion and anplify other parts.
Before starting, however, we dofine a "standard halo" which we

-shall necd to evaluate a variety of properties of baryonic halos.
. For this halo, M. = 1012 M. in a radius of 100 kpc.

First we consider a halo made of gas. In a cold gaseous
halo, particles moving on radial orbits would quickly collide
with other gas particles and collapse on a gravitational
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timescale t¢ = &33/32Gp)1/2 ~ 5x108 yrs. Since halos must
persist for 101 years, they must be in hydrostatic equilibrium
and they must be hot. Our standard halo, if it were gaseous,
requires an cquilibrium temperature of Tgg = 2x10°°K which is
sufficiently hot to violate the upper limits on the X-ray
background by a factor of 20, The X-ray emissivity is sensitive
to 3109, the fraction of the critical density contained in halo.
We use Qa1 > 0.05 (21). )
A halo of snowballs will not be stable on a cosmolojical
timescale. Snowballs, consisting primarily of hydrogen, are
distinguishable from Jupiters because they are bound
etectrostatically. It turns ocut that the bpindiny energy of a
hydrcgen wolecule to solid hydrogen is sufficiently small so t
it easily escapes, even vhen the temperature of the snowball
at 3°K, the temperature of the present cosmic backqround
radiation. 1In fact, halos rust have formed when the temperature
of the cosmic background radiation was over 7°K; since halos are
composed of non-interacting particles and cannot evalve to nigher
densities, they wust have formed when the density of the universe
had a density aboui egqual fo the prescnt density of halos.

The argumont ajainst a halo of snowballs reguires two steps.
Based on laborciory measurescnts on soiid hydrojen, its vapor
pressure at 3% has been found to be about 9x1074- =mm (22). This
is high enough so that it is possible to show that there is no
equilibrium between the solid and gascous phase of hydrojen. The
sccond part of the discussion involves the rate at which :
molecules evaporate to reach equilibriun. The time for
evaporation (23) of a Hp molecule (molecules rather than atonic
hydrojen, will leave the snowball preferentially because their
binding energy is lower) is

tey ~ [vo eb/KT3-1 | (2)

The evaporation time is the inverse of the product of two terms:
a Boltzmann factor which is the probability of a system attainimg
the cscape cnewyy, and an attempt frequency, the number of times
per second that the systcn strikes the barrier. The reader is
referred to {20) for more details. Here we report that at 3°K,
the cvaporation time per molecule is less than 107° seconds.

Next we consider a halo composed of dust and rocks, i.c.
metals. A balo nade of wetals would contain a factor of about 50
times the mass of the disk of a spiral.galaxy. The factor of 50
arises as the ratio of :,14/%94¢k > -05/.001 = 50. The problem
ifs that if cven a very small fraction of the halo mass mixed
with the disk it would lecad to a large metal abundance in the
disk. Since the halo is believed to have formed before the disk
and since there are disk stars with metal abundances Z ~ 1077,

-
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this implies that less than about one part in 5x10% of the halo
mixed with the disk gas. It is difficult to beliove that the
halo could he composed of metals without contaminating the disk
at such a low level.

The next possibility that we consider is a halo composed of
Tow mass stars or Jupiters (24), that is, objects which are
gravitationally bound with m < 0.08 My which do not have high
enough central touneratures to support nuclear burning. By
making obscrvations of the surface brightness of the halo, it is
possible to set limits on the mass in low mass stars, If a
connection can be ostablished batween the nucl2arv burning stars
(41> 0.8 1,) and the Jupiters, then by estadblishing constraints
on the luminous portion of the initial miss function, constraints
are simultancously set on the non-nuclear burninj portion of the
initial mass function.

To connect the Tuminous and non-luminous narte to the halo
initial mass function, a sinjyle power law relatica nzs been
assuned. The justification for this assumpticn is that the
physics whichn aifacts the lower mass 1init for nuclear surning is
indepencent of ihe physics whaich governs graviiocional collarss
and it would bHe a consideranle coincidence if t-cse tvo mase
scales coincided. Huclear burning dopends on tho fine structure
constant, a, and the strenith and ranjye of strony intaractioas
while the physics of gravitational collapse doponds on a and the
gravitational constant, G. Since the assumntinn that the halo
initial mass function is a sinjle power law is the strongest
assumption in this manuscript, we shall return to this subject to
present other supporting evidence and discuss the substantial
problems that must be overcome to seriously consider a radically
different initial mass function, namely a halo of Jupiters with
negligible mass in nuclear burning stars.

As we shall show, the mass-to-1ight ratio, M/L, of a halo is
a function of the slope of the initial mass function, x, and the
lowest mass condensation whicn forms gravitationally, myjn, also
known as the Jeans mass. The initial mass function is defincd

by
¢m = Aom(13x) (3)

where ¢, is the number of stars per unit mass per unit volume of
the halo. In general, A and x will depend on the mass range
considered. The total mass density in stars and Jupiters, pp, 1S

mG
Pm = J m ¢y dm , (4)
Mnin




which, using eq. (3) may be found to be,

='Té— [ml-x - m1n] (%)

Here, mg is the mass of a giant which is taken to be mg = 0.75 M
and for the present arquiaent, we neglect the small fraction of
the mass contained in wmore massive objects.

Using the initial mass function, the luminosity density of
the halo, pp, ™Y be seen to be,

mng
pL = f Lp ép dn + Lg . (6)
For
lp = ¢ TR (6a)
"L ='U§;‘IVL-X _ mg—x] v lg , (7)

viere L, s the tuminosity of a star of mass m, and ¢ and D are
coastatis ¢chensn for a particular spectral band.,  The lower limit
of intoaration, m,, in eq.(5), the loser limit for nuclear
burni=y, has boen taken to be my = 0.08 My {25). The quantity, -
Lg, is the liaht due to g11nts. Since observational constraints
are available in the I and K Johnson snectral hands for the halo
of the edje-o0a spiral 9011XJ NGC 4555 wa shall evaluate pp in
ti.csc bands. Thﬁ data of Sunn and Tinsley (26) in the range

6.0% 11, to 0.8 'ty have been fit with the power law in eq.(ba).

For the luminosity in the 1 band, Ly 1, € = 1. 49x1073 and D =
2.71 and, correspondingly, for Ly v, ¢ = 3.12x1072 and D = 2.11
whore mass is expressed in solar inits and in each spectral band,
the luminosity equals unity for a zero wagnitude star.

To express the contribution of giants to the surface
brightness w2 have used the method described in Tinsloy (27).
Since Tinslcy discussed a metal abundance Z = .01, we corrected
tho Tinsley modals using the calculations of Sweigart and Gross
(28). Fittiny the later calculations (for m = .7 My, Y = .30)
for the chanje in main scquence lifetime as a function of Z, the
corrcection to the Vifetime was found to be = exp[23.6Z - .286],
that is, increasing 7 increased main sequence lifetimes. Also,
it may be scen that this factor is equal to_unity for Z = 0.01.
For these calculations we have used 7 = 1672, a value appropriate
to halo stars. Lifetimes for smaller metal abundances are not
chanjed appreciably.

L
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To caleulate M/L for the halo of NGC 4565, we shall use
M/L = pp/oL = op/op, where op and ‘o are the projected mass and
Tuminosity density. It is necessary to cvaluate the projected
halo mass density in terms of the 21 ¢m rotational velocity
253 kin/s (29) and the maximum extent of the halo, Rpax. This may
be scen to be

) e '
" v 1 . L il ’
% = -'2-1;6 -'—: tan 1 Y (—T;g-i) -1 (8)

at galactic radius r. The distance to UGC 4565 is unlikely to be
larger than 24 Mpc, and since the rotation curve has been

observed out to 11.56 ', Ry = 81 Kpc. Using eq.(8) and eq.(7),
it may be seen that M/L for the halo is only a function of x and

Muine

Ve now turn to the-observational data on the surface
brighiness of the halo of NGO 45565, Data taken with the annular
scaning photowotor {30) in the Kron 1 band has beon discussad by
Heyyi (21), sce Tigure 1. That data has been transformed to the
Johnson systom and oxpressed in solar units. A least saquares fit
to thal data usiny the functional form o = a/r + b has deen
performcd. (This functional fprm assumes that Rqy¢ 15 large
compared to r so that the tan™' function in 2q. 5 reduces to
7/2.) A 20 Tower limit to op/o| expressed in solar units in the.
Johnson I band is

Observations in the K band have been made by Boughn, Saulson, and
Seldner (32) usiny a chopping secondary. Their 20 lower limit
is

M/Lg > 38 Ho/lo k - (10)

We shall now determine whether the available observational
and theoretical constraints on x and m,;, can accomodate the
Yimits on M/L in eqs. (9) and (10). The strongest constraints on
x, derived from the observation of spectral faatures (26) and the
initial mass function in the solar neighborhood (33) require x <
1 at the 20 tevel. Also there i3 no data in conflict with x < 1.
Photometric data ranging from globular clusters to elliptical
galaxies can be fit using the weaker constraints x < 1.35, by a
single free parameter, the metal abundance (34,35).

Constraints on m.qn, the smallest mass to collapse
gravitationally (36,37,38), have a lower limit of > 0.007 My A
more recent calculation (39) in which new reactions to form
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Figure 1. The measured surface brightness of the halo of
NGC 4565 versus galactic radius. Positions C' and D' are two
symmetric scanning positions. The curve fitted to the data is
the de Vaucouleur's surface brightness law and the Zg upper limit
to the data is labelled. [1 count/scan/arc sec®x107° is
25.34 mag Igpon-] '

‘molecular hydrogen are considered, requires myin > 0.004 Hg.
That result was found for optically thin clouds. An
‘equally forceful position has been presented in which it is
‘argued that the first objects to form have wyi, > 1500 i,

.. 'If we choose myjp = .004 1, ‘and find x 'to satisfy the 1 and
‘K ‘band HGC 4565 obscrvations, we find 'x > 1.6 and 1.7
[respective1y. On the other hand, if we choose x < 1 and try to
find the allowed ranje for my.jn, we find no solution. It is not
‘possible to put enoujh mass in the halo for this x without
‘violating the surface brightness observations. For x'=.1,35, we
‘find muin < 2¢1077at least a factor of twenty below the
(¢alculated lower limit on my,j;. Thase arc the problens 1f one
C¢hooses "to'consider a’single power ‘Taw fnitial wass function and
‘a'halo of “stars-and/or Jupiters. : ..
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There are some observations which have a bearing on our
assumption of whethor the initial mass function is a sinjle power
law below the nuclear burning cutoff. Probst and 0'Connell (41)
argue that the initial mass function in the solar neighborhood
does not even rise as steeply as a single power law for stellar
masses less than 0.1 My. Instead the slope turns over, meaning
that there is little mass contained in stars with m < 0.1 H,.
Since thesc results are based on stars with solar metal
abundance, the conclusions are strengthened for stars which have
lower matal abundances and which cannot cool as effectively.

Though we have argued that it seems recasonable to use a
power law for the slope of the initial mass near 0.08 !, and thdt
any possible gravitaticnal condensation of smaller mass would
adhere to the same nower law, let us now considar the possibility
that only Jupiters formed. As a prototynical model, w2 shall
consider the model presented at this conference by Professor_
Rees. In that model, a Jean's miss at reccibination, 10°-100 ny,
cools and forms_a very thin disk of thickness equal to the Jean's
Tength of a 107¥ M, condensaticn, that is, a Jupiter.
Subsequently the disk fragments contributing 167-109 Jupiters to
the formation of & halo of Jupiters.

There appear to be two large-scale instabilities which the
disk must avoid if Jupiters are to form: the tendency of the
disk to form a bar, and the instability of a cool disk to form
massive condensations which are a significant fraction of the
total disk mass (42). We shall disucss the sccond instability
using the Toomre stability criterion.

The basic kinematic criterion for stability is that the time
for a blob of material to orbit the disk, tg.,, should be longer
than the time for a pressure wave or sound wave to cross the
disk, tg. Writing ty., ~ r/v and tg ~ r/cg, we have

tord > s (11)
leading to

v/v > r/cg (12)
or
' V<cg. - (13)
" This is the condition that, for stability, the orbital velocities
be less than the individual particle velocities. Addinj the

dynamics, namely in cquilibrium, the following condition for
circular motion must be satisfied,

-
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ve/r = g/re ., : (14)

For a disk with mass per unit area, o, M ~ uorz, then
substituting for M in eq. (14) and multiplying by r, we have

Vz = 'HGOI‘ [ (15)
Substituting this result into eq. (13) leads to ‘
nbor < cg2 (16)

The speed of sound is C52 ~ KT/mge Also, from the Jeans mass
condition we have

GMJ/PJ ~ KT/mp . (17)

where My s the Jeans mass and ry is the Jeans length.
Substituting eq. (17) into eq. (16), it may be seen that

nber € cgf ~ Gy/ry (18)
or
warry < Wy . (19)

If ve write the thickness of the disk, t, in terms of _the radius
of the disk, r, then t = er, With t = ry and M ~ norZ, we have

M <y . (20)

Fram the numbers requiged by the model, that is, dividing a

10 My object into 1077 Hy objects or 10° Jupiters, it may bde
seen that the ratio t/r requirad for a Sisk of  thickness equai to
the Jeans length of a Jupiter is ~ v10-8 = 1074, Using this
value for e on the left hand side of eq. (20) yiclds ~10 M,
while the desired Jeans masg is 1072 My, The inequality is not
satisfied by a factor of 10%. That is, such thin disks are
unstable and form ~10 i1, objects, not Jupiters. An alternative
interpretation is that a disk which is hot enough for stability
is too hot to allow low mass gravitational condensations to
develop.

The halo cannot be made of stars which have an initial mass

rgreater than 2 Mg. Such stars either evolve to white dwarfs with

mass ~ 1.4 M, (43) or to neutron stars which also, coincidently,
have masses ~ 1.4 My. Taylor and ‘leisberg (44) have found two
neutron stars with masses of 1.4 My to within 1% and all other
neutron star mass determinations are consistent with 1.4 W,.
Consequently, any star with initial mass greater than 2 1, must




lose 40 per cent of its mass during evolution. The cjected mass
cannot be hot because of previous arguments and it cannot cool
and fall in the disk because there is too much mass to be
contained. Also, since a significant fraction of the mass of the
evolved stars, > 10%, might be expected to be converted into
helium and metals duriny evolution, problems similar to those
raised by metallic halos could be present.

Though black holes do not have a well defined baryon number,
we shall briefly consider them because if halos are not baryonic,
they are evidently either comnosed of black holes or some weallly
or very weakly interacting particles (sce review by Joel Primack
in this volume).

it appears unlikely that many black holes in the mass range
1-50 My formed in the halo, Stars in this mass range eject a
considarable fraction of their mass. Unless the black holes can
accrete virtually all their ¢jecta, provlens similar to those
with metallic halos arise. Black holes waich are wmore massive
than 100 My appear to be excludcd by naw observations {45),
though they necd to be confirmed. Thus, halos could be composed
of black holes in the mass range ~50-100 i, (46) or they could be
primordial.

Arguing by climinating specific baryonic forms of matter is
not the most persuasive way to argue that halos aroc not baryonic,
but, unfortunatzly, we are unable to present a forceful positive
argunient eliminating baryons directly. 1In this context, it is
worth considaringy the constraints that primordial nucleosynthesis
places on baryonic halos, thourh we admit that there are strong
assumptions implicit in the nucleosynthesis calculations.

In this context, we shall take the simplest point of view,
namely, that all the dark matter in halos and rich clusters is
either all baryonic, or not baryonic and see which conclusion, if
any, the nuclear abundances favor.

A lower Tlimit to the mass fraction of the closure density in
baryons, Qn, may be obtained from the luminous matter in galaxies
and could be as low as .00l. The thermal X-ray fluxes from
clusters of galaxies yield higher baryon abundances but do not
exclude Qp ~ 001, On the other hand if all the dark matter were
baryonic, the mass content of halos and rich clusters would
require a lower limit for the baryonic abundances to be,

. nb Z 0.10

The deuterium abundance of ~1x10-3 by mass does not favor
efther high or low baryon abundances. There are problems with
both ranges. However, the deuterium ahugdance may not be well
known (see Audouze this volume). The Hle® abundance is presently
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observed to be in the range Y ~ .22-.25 (47). Since an observed
helium abundance is an upper limit on the primordial abundance,
and since 2, > .1 requires Y > .26, the helium_observations
favor a low baryon abundance. The observed Li’ abundance (48)
is consistent with two abundance ranges, §§ ~ .001-.003 and

Qp ~ .01-.02. It appears inconsistent with @, > .1. Taken
tojether, the abundance data favors a low baryon abundance (49).
A key test of the cosmological baryon abundance will be a new
measuremcnt of the primordial helium abundance which is
independent of the possible systematic effects in the present
spectroscopic measurcments.

I would 1ike to thank G. William Ford, MMartin Rees, Alar.
Toomre and Scott Tremaine for useful discussions.
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function. These tails can lead to cnhanced optical and uv

1fne radlation. The encrpy loss of the beam 1s caused by
the collisionless excitation of plasma waves, resintive
heating and inverse Compton radiation. We will discuss
sha results of our calculations and some of their impli-
cations for intcrpreting observations of active galactic
asuclef.

Mirees. 8. R. B

SLYR, U. iowa. Tne
tractional linvar polarization in
ex:ragalactic rn.lso sources is ust:ally taken to be evie
¢ wce for larg:-scale vagnetic firlds in these oblects.
P oert Laing bas wointed out tine hizh fractional po-
!.rization near the eige of a rource and low percentage
;olnrization reny e Canter is comtistent with a per-
ticlly-corder-d iicld eonfigur:tic in such a vodel,
the magnetic i)} is completely rondom, but confined
to planes whivh are tangent to the gource boundaries.

1 tave considers ! the transport of tolarized synchro-
tron radietion ir zuch a randes relinz.  Expressions
have been derived relating the ob:ervadble autocorrela-
and U to the
Jd-nsity and magnetie

in predicts tihnt the
rved in the center
ragmetic field

2l fractinnal
ienfmth ol the
tult dinoa I
lirwrr yols

observation ot h

tion functiors of thz Stokes t:ir.moters Q
correlation f__;i‘ as of plas=a
"ﬂﬂ avq‘)

fields in th~ o
fractional lxur.
cr & lobe por
glould te
rolriration
irreazelariti
caty SeLETT
tida, even thoL lLotiave i8 no onel Datigay rotet
theory hae ;eoplied to dunl-freyueney culcrvas
s ef tha rii.o galaxy XCloo, e polarizalion
iracteristics of the south loo: cf this source are
concistent with an irrecularity sonle Lengih which is
a few percent of the lebe diameter.

18.05 Photpyvtr'c History of the BL lac Object
B2 13084326, S.L. rup.aiN, jn(\1(}~g.. A.7. lidI(n\kl,,
oL, J.POLLOCK, ’ﬂ"'iichran Stre p. M.F. ALLER, H.D.
ACCER, U, J. Michizin, W AUSTEIN I Minn -« We have
ponitored ths hi Lec odject B2 1331+ 6 both photo-
metrically (Uival) ana photogranhically from 1976
until the present. [Curing the sare period we have
‘also monitored this source in the radio (14.5 and 8.0
GHz). Finally we reosrrt two X-ray measurements rade
with the HEAD-? satellite, Tne results of the optical
and radto photervotry show that B2 11084326 is extremely
active and variable, Although the B band photoemetry is
not corplete, trere is A stronq suaqastion that this
source bursts quasiperiodically on a time scale of
spproximately one yo 1r.  The streaiths of these out-
bursts are Guite var::ble; we have observed the bursts
to increase the B band flux density by factors ranaing
from 50% to 7C0%. Although the source also bursts in
the radio, these hursts are in cereral not as pro-
nounced as tn the orticdl. There is only marginal
evidence for a correisttion betwcen the optical and
radio dbursts, The two X-ray rrasurements were ob-
tained during s quiescent perind and a bursting period.
The X-ray emission wis Sigmificantly stronger while
the source was bursiing. ,

/

18.06 Mavelength-Dependent Polar{rat’sn {n B2
13084326, M.L. SITKY, W.A. STEIN, U, Mi 1.. oo TSCM DY,
U ur K. The BL Lacertae object B2 13081326 hag recent ly
undvrgone a major flux outburst, reaching a vizoal magni-
tude V = 14.8 and an tmplied visual luminosity veFv =

2 x 1047 erg 8~ (v = 545 THz, Ho = 50 km/sec/Mpe, qo =
0). During this outburst the polarimetric properties of
its optical emission were monitored on two successive
aights, On both nights a statistically sj«niiicant
dependence in the position anple of the polarization
vector versus wavelength was observed. On onc right 8p
differed in U and I photomctric bands by 14 desrees (a

So difference) while on the following night Op in thes«
tvo bands differed by 17 degrees (a 50 difference). The
temporal change of O, between the two niphts was 10
degrees at all observed wavelengths, but the wavcelength
dependence was similar,

18.07 B2 13084326 - A Super Massive Cora
Cbicct? W.AU STEIN, (. M g, MUFSON,

W, WISNIEWSKI, p_pg_;\. Uuring the period of v.urly 1983
B2 1306+326 was observed during an outburst which, if
interpreted in terms of an fsotropic radiarfon flux

and cosmological redshift of Z = 0,996 (Millcr, French,
and Hawley 1979, Pitts. Conf. on BL Lacertae Objects,

pP. 176), inplies that it was the most lu:inous object

in the universe known at that time. Interpreracion of
physical constraints on an cbservational stus, of this
object over several vears implies that it may be a .-
super-passive compact chject of M - 10l M, ond R - 104V
cm. The licht curve snould be menitored at all wave—
lengthe ovel zthe mext decade in order to cenfirm or
contradict *lL..s hypothesis.
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19.01 Construction of a CCD System,
D. H. GUDEHUS AND D. J. HEGil, Univ. of Mich.

We have constructed a CCD 1maging system bascd on the
RCA thinned chip (320 x 512 pixels) and have written
softuare to do picture processing on a VAN/\NS 780
working in conjunction with a Grinnell image display
system (GMR 270). Machine code for an AM2Y)0 nicro-

procussor is downloaded {rem a WCVA 3/12 minicomputer .

opetiting under FORTH. This convenience and the use
of 15 trausfer electrode potentials has given us

great flexibillty in optimizing the CCD's perforumance.
The rcadout noise is 64 elcctrons and the threshliold
level for image trailing is (0 electrons in the center
of the chip and zero for the area first to be read out.
Blemighes are inrignificanct, fringing frem niechie <ky
lincs 18 not seen, residual images from a previous
exposure are not present, and bleeding o! charge from
bright stars is not a problem. Flat ficld exposures
on the dawn skv are consistent with each other 0 a

fev parts in 100,000 to A few parts in 1000 ar worst,
even when obtaincd on different nights. The device

18 lineat to vithin our errors of mesasurement and the
dynamic range is about 6000, being limitod by our 14
bit ADC.
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